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ABSTRACT 

A Migration Thin Virtual File System (“MTVLS”) conducts 
?le migration using a thin virtual layer that is siZe selectable 
and provides an uninterruptible migration path from the old 
?le system to the neW ?le system Without an increase in the 
time to receive data. The MTVLS selects a ?le from the 
source ?le system, opens a corresponding ?le in the target 
system, mounts the thin virtual layer over the source ?le and 
the target ?le, and migrates that data from the source ?le to the 

Armonk, NY (US) target ?le. 

501 507 
\ \ 

5O2_ SOURCE FILE SYSTEM TARGET FILE SYSTEM 

\ D|RECTORY1 5596 
505- -508 

\— SOURCE F|LE1 THIN VIRTUAL LAYER TARGET FILE 1 -/ 

504 
\ SOURCE FILE 2 

505 
\ SOURCE FILE 3 



Patent Application Publication Dec. 10, 2009 Sheet 1 0f 5 US 2009/0307245 A1 

100 

120 

115/ 

FIGT 

150 

|$ U 01 c) c) 

‘63 C) (3 

SOURCE FILE SYSTEM TARGET FILE SYSTEM 
17_0 17_2 

FIG. 2 



Patent Application Publication 

505 

504 — 

505— 

502 

505 

504 — 

Dec. 10, 2009 Sheet 2 0f 5 US 2009/0307245 A1 

501 507 
\ \ 

50% SOURCE FILE SYSTEM TARGET FILE SYSTE|Y| 

\ O|RECTORY1 5/06 
- -508 

\- SOURCE FILE 1 THIN VIRTUAL LAYER TAROET FILE 1 —/ 

\ SOURCE FILE 2 

\ SOURCE FILE 3 

FIG. 5A 

501 507 
\ \ 
SOURCE FILE SYSTEM TARGET FILE SYSTEM 

\ DlRECTORYl 

50a 
\ SOURCE F|LE1 506 TARGET FILE 1 f 

/ 
509 

\- SOURCE FILE 2 THIN VIRTUAL LAYER TARCET FILE 2 ~f 

505 
\ SOURCE FILE 3 

[£16.55 



Patent Application Publication Dec. 10, 2009 Sheet 3 0f 5 US 2009/0307245 A1 

START 402 200 
I 

DISPLAY ,410 

450 

SELECT r450 
POLICY 

' 460 420 
SELECT YES ENABLE 

OPPORTUNISTIC OPPORTUNISTIC 
? MIGRATION 



Patent Application Publication 

( START V502 

SELECT A SOURCE FILE 
CONTAINING A PLURALITY OF f 510 
DATA FROM A SOURCE FILE 

SYSTEM 
I 

CREATE A TARGET FILE IN A 
TARGET FILE SYSTEM 

r520 

I 

MOUNT A THIN VIRTUAL LAYER 
OVER THE SOURCE FILE AND 

THE TARGET FILE 

r550 

I r540 
MIGRATE THE PLURALITY OF 
DATA FROM THE SOURCE FILE 

TO THE TARGET FILE 

REMOVE THE THIN VIRTUAL 
FILE LAYER FROM THE SOURCE r560 
FILE AND THE TARGET FILE 

Dec. 10, 2009 Sheet 4 0f 5 US 2009/0307245 A1 

500 

f 

FIG. 5 



Patent Application Publication Dec. 10, 2009 Sheet 5 0f 5 US 2009/0307245 A1 

600 

y 

USER ACCESS TO FILE IN NO 
SOURCE FILE SYSTEM THAT HAS NOT BEEN 

MIGRATED? 
MONITOR f 650 

7 YES 

OPEN CORRESPONDING 
TARGET FILE IN TARGET 

FILE SYSTEM r640 

PLACE THIN VIRTUAL LAYER 
OVER ACCESSED FILE AND 650 

CORRESPONDING TARGET FILE f 

I STOP V690 



US 2009/0307245 A1 

UNINTERRUPTED DATA ACCESS DURING 
THE MIGRATION OF DATA BETWEEN 

PHYSICAL FILE SYSTEMS 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to the trans 
fer of data between ?le systems using a virtual ?le system and 
speci?cally to using a siZe selectable thin virtual layer to 
transfer data from an old ?le system to a new ?le system. 

BACKGROUND OF THE INVENTION 

[0002] File migration is a process used to move ?les from 
an older ?le system to a newer ?le system in order to take 
advantage of the new features offered by the new ?le system. 
Typically, current ?le migration systems deny access to a ?le 
in the old ?le system during ?le migration to ensure that no 
modi?cations to the data in the old ?le system are lost when 
the old ?le system is removed. 
[0003] A known method to allow ?le access during migra 
tion is use of a virtual ?le system (“VFS”). A VFS is an 
“abstraction layer” placed on top of a ?le system to create a 
single logical storage where the user can change, add, con 
solidate, or migrate storage. The VFS is placed on top of the 
old ?le system and the new ?le system to allow a user to 
access a ?le in the old ?le system through the VFS while the 
?le is being migrated. The VFS applies the user’s modi?ca 
tions to the copy of the ?le on the new system. Thus, the VFS 
allows a user to access and make changes to a ?le’s contents 
without knowing that the ?le is being migrated and without a 
concern as to the data’s transfer to the new ?le system. 
[0004] Although a VFS solves the problem of modifying a 
?le during migration, the VFS must determine the physical 
location of a ?le in order to migrate the ?le and to access the 
data during migration. Current VFS systems cause an 
increase in the lapse of time between the initiation of a request 
for the data and the receipt of the data. As such, the full 
bene?ts of the new ?le system are not realiZed until migration 
is completed. 
[0005] Thus, a need exists for a virtual ?le transfer appli 
cation that allows ?le changes to be made simultaneously to 
the ?le system during migration without interrupted access or 
an increase in the time to receive data. 

SUMMARY OF THE INVENTION 

[0006] A Migration Thin Virtual Layer System 
(“MTVLS”) allows ?le changes to be made to the ?le system 
during migration without interrupted access or an increase in 
the time to receive data. The MTVLS conducts migration 
using a thin virtual layer that is siZe selectable and provides an 
uninterruptible migration path from the old ?le system to the 
new ?le system. The MTVLS selects a ?le from the source ?le 
system, opens a corresponding ?le in the target system, 
mounts the thin virtual layer over the source ?le and the target 
?le, and migrates that data from the source ?le to the target 
?le. In this case the MTVLS will write the data to both the 
source ?le and the target ?le. In addition, while the data is 
being migrated, the thin virtual layer can either write data to 
both the source ?le and the target ?le or to the target ?le only. 
While the data is being migrated, the thin virtual layer can 
retrieve data from either the source ?le or the target ?le. 
[0007] The thin virtual layer tracks the locations of all the 
data in the source ?le and the target ?le until the source ?le is 
completely migrated to the target ?le. When migration is 
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completed, the thin virtual layer is removed, a thin virtual 
layer is applied to another source ?le and another target ?le 
until the new source ?le is migrated to the new target ?le, and 
the process is repeated until the entire source ?le system is 
migrated to the target ?le system. Using this granular migra 
tion technique, the MTVLS selects ?les for migration in two 
ways. The ?rst way is proactive, in which the MTVLS fetches 
data from the source ?le system and migrates the data to the 
target ?le system. For example, the MTVLS can be con?g 
ured to migrate ?les in accordance with a user policy such as 
ranking source ?les by frequency of use. The second way is 
opportunistic. When a user accesses a source ?le to read or 

write data, the MTVLS automatically selects that ?le for 
transfer using the thin virtual ?le layer. Since the ?le that has 
been accessed is more likely to be accessed again, opportu 
nistic migration ensures that the user’s next access will be to 
the target ?le in the new system. 
[0008] The MTVLS can be applied to individual ?les, 
directories or to an entire ?le system. However, because the 
siZe of the thin virtual ?le layer can be con?gured by the user, 
the amount of data locations the thin virtual ?le layer must 
track in both the source ?le and the target ?le can be reduced 
by con?guring MTVLS to migrate data using the smallest 
thin virtual layers thereby reducing memory latency. The 
MTVLS, through the thin virtual ?le layer, allows for unin 
terruptible and simultaneous migration or transfer of data 
from the source ?le system to the target ?le system. Further 
more, the MTVLS allows ?les frequently accessed by the 
user to be migrated sooner, thereby taking advantage of the 
new ?le system. 

BRIEF DESCRIPTION OF DRAWINGS 

[0009] The novel features believed characteristic of the 
invention are set forth in the appended claims. The invention 
itself, as well as a preferred mode of use, further objectives, 
and advantages thereof, will be understood best by reference 
to the following detailed description of an illustrative 
embodiment when read in conjunction with the accompany 
ing drawings, wherein: 
[0010] FIG. 1 depicts an exemplary network in which the 
MTVLS may be employed; 
[0011] FIG. 2 depicts an exemplary memory in which the 
MTVLS is encoded; 
[0012] FIG. 3A depicts application of the thin virtual layer; 
[0013] FIG. 3B depicts another application of the thin vir 
tual layer; 
[0014] FIG. 4 depicts a ?ow chart of the con?guration 
program of the MTVLS; 
[0015] FIG. 5 depicts a ?ow chart of the migration program 
of the MTVLS; and 
[0016] FIG. 6 depicts a ?ow chart of the opportunistic 
migration program of the MTVLS. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0017] The principles of the MTVLS are applicable to a 
variety of computer hardware and software con?gurations. 
The term “computer hardware” or “hardware,” as used herein, 
refers to any machine or apparatus that is capable of accept 
ing, performing logic operations on, storing, or displaying 
data, and includes without limitation processors and memory. 
The term “computer software” or “software,” refers to any set 
of instructions operable to cause computer hardware to per 
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form an operation. A “computer,” as that term is used herein, 
includes without limitation any useful combination of hard 
ware and software, and a “computer program” or “program” 
includes without limitation any software operable to cause 
computer hardware to accept, perform logic operations on, 
store, or display data. A computer program may, and often is, 
comprised of a plurality of smaller programming units, 
including without limitation subroutines, modules, functions, 
methods, and procedures. Thus, the functions of the present 
invention may be distributed among a plurality of computers 
and computer programs. The invention is described best, 
though, as a single computer program that con?gures and 
enables one or more general-purpose computers to imple 
ment the novel aspects of the invention. For illustrative pur 
poses, the inventive computer program will be referred to as 
“MTVLS.” 

[0018] Additionally, MTVLS is described below with ref 
erence to an exemplary network of hardware devices, as 
depicted in FIG. 1. A “networ ” comprises any number of 
hardware devices coupled to and in communication with each 
other through a communications medium, such as the Inter 
net. A “communications medium” includes without limita 
tion any physical, optical, electromagnetic, or other medium 
through which hardware or software can transmit data. For 
descriptive purposes, exemplary network 100 has only a lim 
ited number of nodes, including workstation computer 105, 
workstation computer 110, server computer 115, and persis 
tent storage 120. Network connection 125 comprises all hard 
ware, software, and communications media necessary to 
enable communication between network nodes 105-120. 
Unless otherwise indicated in context below, all network 
nodes use publicly available protocols or messaging services 
to communicate with each other through network connection 
125. 

[0019] MTVLS, typically stored in a memory such as 
memory 130 of FIG. 2, is represented schematically as 
MTVLS 500. The term “memory,” as used herein, includes 
without limitation any volatile or persistent medium, such as 
an electrical circuit, magnetic disk, or optical disk, in which a 
computer can store data or software for any duration. A single 
memory may encompass and be distributed across a plurality 
of media. Further, MTVLS 500 may reside in more than one 
memory distributed across different computers, servers, logi 
cal partitions, or other hardware devices. The elements 
depicted in memory 130 may be located in or distributed 
across separate memories in any combination, and MTVLS 
500 may be adapted to identify, locate, and access any of the 
elements and coordinate actions, if any, by the distributed 
elements. Thus, FIG. 2 is included merely as a descriptive 
expedient and does not necessarily re?ect any particular 
physical embodiment of memory 130. As depicted in FIG. 2, 
though, memory 130 may include additional data and pro 
grams with which MTVLS 500 interacts such as Con?gura 
tion Program (CP) 400 and Opportunistic Migration Program 
(OMP) 600, source ?le system 170 and target ?le system 172. 
[0020] As used herein, “granular virtualiZation” means the 
process of migrating a particular part of the group of ?les or 
directories to be migrated using a siZe selectable thin virtual 
?le layer. As used herein, “proactive migration” means 
migrating data using a thin virtual layer in accordance with a 
user con?gurable policy. As used herein, “opportunistic 
migration” means automatically selecting a ?le for transfer 
using the thin virtual ?le layer when a user accesses a source 
?le to read or write data. 
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[0021] FIGS. 3A and 3B illustrate the operation of MTVLS 
500. Initially, source ?le 303 of source ?le system 301 is 
selected to be migrated or copied to target ?le system 307. 
Any portion of source ?le system 301 may be selected, 
including but not limited to a single ?le, groups of ?les, a 
directory, and groups of directories. A corresponding target 
?le 308 is opened in target ?le system 307. Thin virtual layer 
306 is mounted over source ?le 303 and target ?le 308. 
Mounting is a process whereby the thin virtual layer is pre 
pared for use by the operating system. The data within source 
?le “l” 303 is then migrated from source ?le system 301 to 
target ?le “ l ” 308 in target ?le system 307. Source ?le system 
301 and target ?le system 307 may be on the same physical 
memory device or may be on separate physical memory 
devices. A copy of source ?le “l” 303 from source ?le system 
301 is removed, after source ?le “l” 303 is successfully 
copied to target ?le 308 in target ?le system 307, in order to 
free up memory on the physical memory device. FIG. 3B 
shows selection of source ?le “2” 304 and creation of target 
?le “2” 309. Thin virtual ?le layer 306 is moved to “source ?le 
2” 304 and “target ?le 2” 309, and the data within source ?le 
“2” is migrated to target ?le “2” 309. The process is repeated 
until all ?les within source ?le 301 are migrated to target ?le 
system 307. 
[0022] FIG. 4 depicts a ?ow chart of CP 400. CP 400 starts 
(402) and a menu is displayed to the user. The user determines 
whether to select granulariZation (420). If the user selects 
granulariZation, the user chooses the siZe of a group of ?les or 
directories to be migrated (430). The number of ?les in the 
source ?le of the ?le system may be advantageously chosen 
so that the fewest number of ?les will be accessed via the thin 
virtual layer, thereby reducing the effect of memory latency 
by the thin virtual ?le layer. The MTVLS may mount the thin 
virtual ?le layer over a single ?le so that none of the other ?les 
in either the source ?le system or the target ?le system are 
affected by the latency incurred while accessing ?les via the 
thin virtual layer. If the user does not select granulariZation, a 
default siZe will be used. 

[0023] The user determines whether to select proactive 
migration (440). If the user selects proactive migration, the 
user selects a policy to apply (450). For example, a userpolicy 
may be to rank source ?les by frequency of use and to migrate 
in order of frequency of use. 

[0024] Next, the user determines whether to select oppor 
tunistic migration (460). If the user selects opportunistic 
migration, OMP 600 will be enabled (470). At some point 
during migration of the source ?le system 301, a user may 
access part of source ?le system 301, and if opportunistic 
migration is enabled, OMP 600 (see FIG. 6) will interact with 
MTVLS 500. 

[0025] FIG. 5 depicts a ?ow chart of the MTFVS program. 
MTFVS starts (502) and selects a source ?le containing a 
plurality of data from a source ?le system (510). MTFVS 
creates a target ?le in the target ?le system (520). MTFVS 
mounts a thin virtual layer over the source ?le and the target 
?le (530). MTFVS migrates the plurality of data from the 
source ?le to the target ?le (540). A determination is made 
whether migration is complete (550). If migration is com 
plete, MTFVS removes the thin virtual layer from the source 
?le and the target ?le (560). A determination is made whether 
the source ?le system has been migrated (570). If not, 
MTFVS goes to step 510 and repeats the process with the next 
source ?le. If the source ?le system has been migrated, 
MTFVS stops (580). 
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[0026] FIG. 6 depicts a How chart ofthe logic ofOMP 600. 
OMP 600 starts (602) and determines Whether or not oppor 
tunistic migration has been enabled by a user in con?guration 
program 400. If opportunistic migration has been enabled, 
opportunistic migration program 600 determines Whether 
MTVLS 150 is operating, and Whether a user has accessed a 
source ?le that has not been migrated. If a user has not 
accessed a ?le, OMP 600 Will monitor MTVLS 150 (630). If 
a user has accessed a ?le, OMP 600 Will open a corresponding 
?le in the target ?le system (640). OMP 600 Will place a thin 
virtual layer over the accessed ?le and the corresponding 
target ?le (650). OMP 600 determines Whether migration of 
the accessed ?le is complete. If migration of the accessed ?le 
is complete, OMP 600 determines Whether there is another 
user access of an unmigrated source ?le (670). If there is 
another user access, OMP 600 goes to step 640. If not, OMP 
600 determines Whether migration of the source ?le system is 
complete (680). lfnot, OMP 600 goes to step 610, and if so, 
OMP 600 stops. 
[0027] For example, if a user decides to migrate one hun 
dred (100) ?les, the migration process may migrate the ?rst 
?le, or ?le number one (1), through the last ?le, ?le number 
one hundred (100), consecutively, in this order. If the last ?le, 
?le one hundred (100), is accessed by a user before it is 
scheduled to be migratedieg, during migration of the ?rst 
?le, ?le number one (1 )4opportunistic migration may occur 
so that the last ?le is migrated before the second ?le. This 
alloWs the user of the last ?le to bene?t from the target ?le 
system at an earlier point in time than if the ?le Was migrated 
last. 
[0028] With respect to the above description, it is to be 
realiZed that the optimum dimensional relationships for the 
parts of the invention, to include variations in siZe, materials, 
shape, form, function and manner of operation, assembly and 
use, are deemed readily apparent and obvious to one skilled in 
the art, and all equivalent relationships to those illustrated in 
the draWings and described in the speci?cation are intended to 
be encompassed by the present invention. The novel spirit of 
the present invention is still embodied by reordering or delet 
ing some of the steps contained in this disclosure. The spirit of 
the invention is not meant to be limited in any Way expect by 
proper construction of the folloWing claims. 

1. A method for migrating ?les from a source ?le system to 
a target ?le system comprising: 

selecting a level of granulariZation for a thin virtual ?le 
layer; 

selecting a source ?le containing a plurality of data from 
the source ?le system in a accordance With a user con 

?gurable policy; 
creating a target ?le in the target ?le system; 
mounting the thin virtual ?le layer over the source ?le and 

the target ?le; 
migrating the plurality of data from the source ?le to the 

target ?le; and 
responsive to a completion of migration of the plurality of 

data from the source ?le to the target ?le, removing the 
thin virtual ?le layer from source ?le and the target ?le; 

Wherein the thin virtual ?le layer provides an uninterrupt 
ible migration path from the source ?le to the target ?le. 

2. The method of claim 1 further comprising the step of: 
repeating the mounting, migrating, and removing until the 

entire source ?le system is migrated. 
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3. The method of claim 1, further comprising: 
accessing a second source ?le of the source ?le system; 
opening a target ?le corresponding to the second source 

mounting a second thin virtual layer over the second source 
?le and the second target ?le; 

migrating the second source ?le to the target ?le; and 
removing the virtual ?le system from the second source ?le 

and the target ?le. 
4. The method of claim 3, Wherein the accessing comprises 

a Write access. 

5. The method of claim 4, further comprising: 
performing the Write access to the source ?le system and to 

the target ?le system. 
6. The method of claim 1, Wherein the source ?le comprises 

one of: a ?le or a group of ?les. 
7. The method of claim 1, Wherein the source ?le comprises 

one of: a directory or a group of directories. 
8. The method of claim 1, Wherein the target ?le system is 

one of: JFS, JFS2, or GPFS. 
9. A method for opportunistic migration of a plurality of 

?les from a source ?le system to a target ?le system a com 
prising: 

selecting a level of granulariZation for a thin virtual ?le 
layer; 

responsive to a user opening a source ?le containing a 
plurality of data, accessing the source ?le from the 
source ?le system; 

creating a target ?le in the target ?le system; 
mounting the thin virtual ?le layer over the source ?le and 

the target ?le; 
migrating the plurality of data from the source ?le to the 

target ?le; and 
responsive to a completion of migration of the plurality of 

data from the source ?le to the target ?le, removing the 
thin virtual ?le layer from source ?le and the target ?le; 

Wherein the thin virtual ?le layer provides an uninterrupt 
ible migration path from the source ?le to the target ?le. 

10. The method of claim 9, Wherein the accessing com 
prises a Write access. 

11. The method of claim 10, further comprising: 
performing the Write access to the source ?le system and to 

the target ?le system. 
12. The method of claim 8, Wherein the source ?le com 

prises one of: a ?le or a group of ?les. 
13. The method of claim 8, Wherein the source ?le com 

prises one of: a directory or a group of directories. 
14. A computer program product for causing a computer to 

perform ?le migration, comprising: 
a computer readable storage medium; 
a program stored in the computer readable storage 
medium; 

Wherein the computer readable storage medium, so con?g 
ured by the program, causes a computer to: 

responsive to a user selecting a level of granulariZation for 
a thin virtual ?le layer, access a source ?le containing a 
plurality of data from a source ?le system; 

create a target ?le in a target ?le system; 
mount the thin virtual ?le layer over the source ?le and the 

target ?le; 
migrate the plurality of data from the source ?le to the 

target ?le; and 
responsive to a completion of migration of the plurality of 

data from the source ?le to the target ?le, remove the thin 
virtual ?le layer from source ?le and the target ?le. 
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15. The method of claim 15, wherein When the computer 
accesses the source ?le, the computer performs a Write 
access. 

16. The method of claim 14, Wherein the computer read 
able storage medium, so con?gured by the program, further 
causes a computer to: 

perform the Write access to the source ?le system and to the 
target ?le system. 
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17. The method of claim 14, Wherein the source ?le com 
prises one of: a ?le or a group of ?les. 

18. The method of claim 14, Wherein the source ?le com 
prises one of: a directory or a group of directories. 

19. The method of claim 14, Wherein the target ?le system 
is one of: JFS, JFS2, or GPFS. 

* * * * * 


